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ABSTRACT 


We report a screen-printing fabrication process for large area electrowetting display (EWD) devices using 
polyimide-based materials. The poly(imide siloxane) was selected as hydrophobic insulator layer, and 
relatively hydrophilic polyimide as grids material. EWD devices that use poly(imide siloxane) as hydro- 
phobic insulator fabricated with conventional methods showed good and reversible electrowetting per- 
formance on both single droplet level and device level, which showed its potential application in EWDs. 
The compatibility of polyimide-based materials (hydrophobic poly(imide siloxane) and hydrophilic poly- 
imide) guarantee the good adhesion between two layers and the capability of printable fabrication. To 
this end, the hydrophilic grids have been successfully built on hydrophobic layer by screen-printing 
directly. The resulting EWD devices showed good switch performance and relatively high yield. Com- 
pared to conventional method, the polyimide-based materials and method offer the advantages of simple, 


Screen-printing 


Polyimide cheap and fast fabrication, and are especially suitable for large area display fabrication. 


1. Introduction 


Many experimental and theoretical activities have recently 
been taken in the field of electrowetting, driven by applications 
in lab-on-a-chip [1,2], adaptive lens and prisms [3-5], and high- 
speed reflective displays [6,7]. The electrowetting concept for dis- 
play application was first recognized by Beni and co-workers more 
than three decades ago [8-11]. The reflective display technology 
based on electrowetting was first realized and published in 2003 
by Hayes and Feenstra at Philips Research Labs [6]. EWD has 
shown its potential for high quality information displays: (1) 
reflective mode for using ambient light and energy-saving; (2) 
quick response (<2 ms switching speed has been reached) for video 
display [12]; (3) good optical performance (>50% white state 
reflectance |13] and full color [14]); and (4) fluidic and soft display 
materials for flexible displays in the future. 

Based on the classical theory of electrowetting, an electrostati- 
cally induced reduction of contact angle on the hydrophobic surface 
occurs when a voltage is applied between the conductive fluid and 
electrode underneath [15]. In the case of a sessile aqueous droplet 
on a hydrophobic insulating surface, the so-called electrowetting 
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on dielectric occurs, as shown in Fig. 1a and b. It is considered that 
the voltage V only induces a change in the solid-liquid interfacial 
tension ys; the interfacial tensions of solid—gas Ysg and liquid—gas 
Yig are assumed to be unperturbed. The solid-liquid interfacial ten- 
sion is reduced by an amount equal to the electrostatic energy CV7/ 
2, where C is the capacitance. As the electrode is covered by a 
hydrophobic insulating layer with thickness d and dielectric con- 
stant £, this can be described by: 


ik 2 ss 
cosð, = 2 Pst 1V = co 0o + EE v2 (1) 
Ig 2 Vig 2794 


where 0, and 69 are the contact angles of the liquid droplet with the 
applied voltage of V and 0, respectively. This equation has been suc- 
cessfully employed by many investigators in correlating experimen- 
tal results with theory for a significant change of the contact angle. 

The display principle is shown in Fig. 1c and d, utilizing a colored 
oil and transparent water dual fluidic system. In the absence of a 
voltage, the oil forms a continuous film in a pixel between the 
hydrophobic insulator-covered electrode and water due to the 
dominance of interfacial tensions: Yow + Yoi < Ywi Where Yow, Yoi 
and ywi are the oil/water, oil/insulator and water/insulator interfa- 
cial tensions, respectively. When a voltage is applied between the 
top and bottom electrodes, the stacked state is no longer energeti- 
cally favorable since an electrostatic force is added. Water moves 


towards the insulator, pushing the oil film aside or break. In this 
way, the optical properties of the stack, when viewed from the 
top, are tuned between a colored off-state (dyed oil) and a white 
on-state (color of bottom substrate). Thus a simple and highly 
reversible optical switch is obtained, driven by electrowetting. 

As shown in Fig. 1c and d, the standard configuration of an EWD 
device consists of the bottom substrate with electrodes, a hydro- 
phobic insulator layer, hydrophilic grids, colored oil and conduc- 
tive liquid, and electrodes on the top substrate. The response of 
electrowetting effect highly depends on the properties of these 
materials. Particularly, the properties of the hydrophobic insulat- 
ing layer are known to play a key role in EWD devices [2]. To obtain 
a wide contact angle change with low voltage, the high initial con- 
tact angle of the conductive liquid is preferred. To obtain both 
insulating and hydrophobic functions, multilayers have also been 
studied. Inorganic insulating materials like SiO2 [2], Sis3N4 [16], 
SiOC [16], or ONO (oxide-nitride-oxide) [17] have been 
investigated, combined with a hydrophobic coating layer. This 
offers a larger contact angle change at the same applied voltage 
due to their higher values of dielectric constant. 

The most commonly used hydrophobic insulator coatings for 
EWD devices are amorphous fluoropolymers such as AF1600 from 
a DuPont [6,18], FluoroPel 1601V from Cytonix [19,20] and Cytop 
à CTL-809M from Asahi Glass [21]. The low surface tension and vis- 
- cosity makes it possible to fabricate a homogeneous film by screen 
printing. We have successfully screen-printed commercial fluoro- 
polymers as the EWD hydrophobic insulator layer (not published). 
* However, these materials are relatively expensive, and not compat- 
ible with commonly hydrophilic grids. Therefore, sophisticated sur- 
face treatment has to be done: low power plasma treatment 
[20,22,23] or chemical etching [24]. The typical EWD fabrication 
_ process is shown in Fig. 2 where the surface plasma treatment 
and high-temperature recovery steps are critical and time-consum- 
ing. This also limits its applications in cheap and quick fabrication 
d for industrialization. Currently, the hydrophilic grids are still fabri- 
» cated using photolithography which again includes several steps: 
coating, pre-baking, exposing, post-baking and developing. Cheaper 
materials and simpler fabrication procedure are highly required for 
the technology development and industrialization. 

Polyimide has the advantages of high thermal stability, good 
chemical resistance, good optical property and ease of processing, 
- therefore has been widely applied in many high performance 
©) applications [25-28]. Among them, in poly(imide siloxane) the 
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Fig. 2. Schematic process flow in the conventional fabrication and the proposed 
printing fabrication process. The black arrows indicate conventional fabrication 
process, and red arrows indicate the new fabrication process. (For interpretation of 
the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 


polysiloxane component imparts a number of beneficial properties 
to the polymeric system, including high hydrophobicity, low sur- 
face energy, high flexibility, enhanced solubility, reduced water 
sorption and gas permeability, good thermal and ultraviolet stabil- 
ity [29-31]. These particular advantages render polysiloxane-mod- 
ified polyimides an excellent candidate for hydrophobic insulator 
materials as part of EWD devices. Furthermore, the polyimide- 
polyimide adhesion mechanism has been investigated and proven 
previously [32,33]. Therefore, the hydrophilic polyimide with good 
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Fig. 1. Schematic illustration of droplet electrowetting and EWD performance. (a) Without voltage, the conductive droplet stands on the hydrophobic surface with a contact 
angle of bo. (b) With an applied voltage of V, the droplet spreads on the surface with a contact angle of 0y. (c) In an EWD pixel, without applied voltage, a homogeneous oil film 
spreads over the pixel area showing the color of the dyed oil. (d) In an EWD pixel, with an applied voltage of V, the oil film contracts to one corner of the pixel, showing the 


color of the bottom substrate. 


adhesion to hydrophobic poly(imide siloxane) surface, can be 
directly built up as the pixel wall material in EWD devices without 
surface treatment. 

Screen-printing is one of the versatile, simple, fast, cost-effective 
coating techniques, and it has been successfully used in solar cell 
[34] and PCB [35] fabrication. It does not require expensive vacuum 
technology, and can be applied to any surface shape and size. 
Screen-printing is suitable for deposition of thin films greater than 
0.5 um thickness [36]. Zhou [23] has demonstrated to print sealing 
agent onto the top sealing substrate for EWD display coupling. 
However, by now, nobody else has applied this technology in other 
steps of EWD fabrication. 

In this article, we report a simple EWD device fabrication 
method based on new materials for which the hydrophilic polyim- 
ide grids can be directly built onto the hydrophobic insulator layer 
by screen printing. Because the compatibility of hydrophobic 
poly(imide siloxane) and hydrophilic polyimide, they have good 
self-adhesion property in nature. These two layers can stick 
together steadily just by screen-printing. The test results of the 
EWD devices showed good electrowetting performance. Compared 
to the traditional method, the new method simplifies the fabrica- 
tion process and lowers the cost. Such principle can also be used 
in a variety of other fields, for example fabrication of flexible dis- 
plays or quick formation of microstructures. 


2. Experimental 
2.1. Materials 


The hydrophobic insulator material used is poly(imide siloxane) 
block copolymers based on diphenylthioether dianhydride isomer 
mixtures [31] and the pixel wall (grid) material is a hydrophilic 
transparent polyimide [37], both materials were designed and syn- 
thesized in Ningbo Institute of Material Technology and Engineer- 
ing, Chinese Academy of Sciences, China. Indium Tin Oxide (ITO) 
coated glass (0.7 mm thick) with resistance of 100 Q/O (purchased 
from Shenzhen Laibao Hi-Tech Co. Ltd, China) was used as bottom 
and top substrates. Deionized water (DI water) was obtained from 
the water purification system (Ultra pure UV, Shanghai Hitech 
Instruments Co., Ltd, China). The basic cleaning detergent RM11- 
07 was purchased from Runmon (Shenzhen, China). Isopropanol, 
N,N-dimethylacetamide (DMAC) and propylene glycol methyl ether 
acetate (PGMEA) was purchased from Aladdin, with analytical 
grade and used without treatment. SU-8 3005 photoresist was pur- 
chased from Microchem Corp. (Newton, MA). 


2.2. Equipments and characterization 


The screen printer equipment was purchase from a local com- 
pany (Model 3050, Dongguan, China), and its screen (the mask 
for screen printing) was designed by ourselves and made in a com- 
pany (Kunhong, Dongguan, China). The spin coater KW-5 (Institute 
of Microelectronics, Chinese Academy of Science) was used to coat 
thin films on 3” substrate. Hot plate (EH20B Lab Tech, China) was 
used for baking processes. Exposure system (URE-2000/35, Insti- 
tute of Optics and Electronics, Chinese Academy of Science, China) 
was used for lithography. The reactive ion etching (RIE) equipment 
(ME-G6A, Institute of Microelectronics, Chinese Academy of Science, 
China) was used for surface plasma treatment. 

Film thickness was measured by the Dektak (Dektak XT, BRU- 
KER, Germany). An impedance analyzer (WAYNE KERR 6500B, 
UK) was used to drive and measure the electrical properties (loss 
factor, capacitance). Both manual and automated testing were 
employed. The automatic process was driven by a personal com- 
puter and LABVIEW software. The electrical circuit was completed 


by placing a drop of 10 uL of 0.1 M NaCl on the insulator beneath 
the platinum needle electrode. Changes in the wetting behavior 
as a function of applied voltage were monitored optically with a 
goniometer (JC2000C from POWEREACH, China). The fluidic move- 
ment driven by electrowetting was visualized and captured by 
using a high speed camera (Phantom MiRO M110, Vision Research, 
USA) integrated with a microscope (CKX41, Olympus, Japan). 


3. Results and discussion 


To evaluate the new materials and method for EWDs, we have 
done experiments at three stages. Firstly, the droplet electrowett- 
ing has been carried out to test the hydrophobic insulating layer of 
poly(imide siloxane). Secondly, to evaluate the device level perfor- 
mance, the EWD devices have been fabricated using the poly(imide 
siloxane) as hydrophobic insulator and SU-8 as pixel walls by con- 
ventional fabrication method. Thirdly, the EWD devices fabricated 
with the poly(imide siloxane) as hydrophobic insulator and 
hydrophilic polyimide as pixel walls by screen printing have been 
demonstrated. 


3.1. Droplet electrowetting on poly(imide siloxane) film 


For the initial set of experiments, poly(imide siloxane) films 
with different thickness have been fabricated using its DMAC solu- 
tion at different concentrations (data shown in Fig. 3). As we know 
that thin film layer can reduce driving voltage of electrowetting 
performance, but easy to break. Sufficient thick films can meet 
the requirement of utilizing one layer for both dielectric and 
hydrophobic functions. Thicker films can be obtained by increasing 
concentration, but this will increase the driving voltage. In this 
experiment, 12 wt.% poly(imide siloxane) solution was chosen to 
produce 2.1 um thick film by spin coating, according to the film 
quality and droplet electrowetting performance. 

The poly(imide siloxane) film has a relatively high dielectric 
constant of ~3.2 and refractive index of 1.5. The higher dielectric 
constant makes it potentially a better dielectric layer in EWD 
devices with low driving voltage. The electrowetting effect on 
the poly(imide siloxane) film (2.1 um) was performed by measur- 
ing the contact angle of 10 uL 0.1 M NaCl droplets as a function of 
applied voltages. Fig. 4 shows the droplet electrowetting perfor- 
mance on a 2.1 um poly(imide siloxane) film. The initial contact 
angle was ~101°, decreasing to ~89° as the DC voltage increased 
to 75V. Over a considerable voltage range (up to 50V), the 
experimental contact angle data were in agreement with values 
calculated from electrowetting theory, where the induced contact 
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Fig. 3. Film thickness versus the concentration of the poly(imide siloxane) in DMAC 
solution. 
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Fig. 4. The dependence of the contact angle on the applied voltage on a 2.1 um 
thick poly(imide siloxane) film. The symbols correspond to the experimental data 
from repetitive electrowetting scans and the solid lines to the electrowetting theory 
based on Eq. (1). 
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Fig. 5. The contact angle change of a water droplet on poly(imide siloxane) film 
after each step in the conventional EWD fabrication process. 


angle change was about 11°. When the applied voltage reached V,, 
namely the saturation voltage, 50 V here, the measured contact 
angle did not further decrease, indicating the contact angle satura- 
tion by electrowetting. When the applied voltage exceeded V,, the 
measured contact angle started to deviate from the theoretical 
expected behavior. Lower contact angle could still be obtained; 
however the droplet tended to leap from the probe electrode due 
to inhomogeneous charge injection [38]. The electrowetting 
response is analog and reversible in each measurement. After with- 
drawing the voltage, the contact angle of the water droplet recov- 
ered to ~100°, which was very close to the initial contact angle. 
Most importantly, the low contact angle hysteresis was observed 
(only several degrees). This characteristic is highly required for 
actual EWD applications. 

Corresponding to the conventional EWD fabrication process 
(see Fig. 2), the advancing and receding contact angles were mea- 
sured in each fabrication step and were shown in Fig. 5. The initial 
advancing contact angle of the poly(imide siloxane) was 107°, and 
receding contact angle was 97°. During the low power oxygen 
plasma etching, the surface hydrophilicity was increased due to 
the incorporation of the oxygen-bearing groups. Moreover, the 
oxygen plasma treatment increased the surface roughness, which 


also had an effect on the surface wettability. As a result, both 
advancing and receding contact angles decreased. The receding 
contact angle decreased more dramatically than the advancing 
contact angle, and as a consequence, the contact angle hysteresis 
increased. In this case, the poly(imide siloxane) had good adhesion 
to other hydrophilic material pixel wall materials like SU-8 3005 
used here. SU-8 3005 was then spin coated on the top of the acti- 
vated poly(imide siloxane) and patterned to pixel walls by photo- 
lithography. To regain the hydrophobicity of the poly(imide 
siloxane) surface for proper EWD operation, the plate was 
annealed at 120 °C for 90 min. By taking the plasma-oxidized film 
above its melting point, the lowest surface energy components in 
the film move from the “bulk” to the top surface, while the oxi- 
dized molecules move toward the bulk of the film. This results in 
fresh hydrophobic groups on the surface. The contact angle 
increased again by the anneal process, for which the advancing 
contact angle was 103° and the receding contact angle was 73°. 
It should be mentioned here that the process conditions during 
oxygen plasma irradiation need to be carefully selected in order 
to regain the hydrophobicity of the poly(imide siloxane). Very 
small changes in process conditions (such as a few watts more of 
the plasma power, 1 or 2 s longer exposure time) are sufficient to 
result in either no change in hydrophobicity or irreversible change 
to a hydrophilic condition. 


3.2. EWD performance on devices fabricated by normal fabrication 
method with poly(imide siloxane) as hydrophobic insulator and SU-8 
3005 as pixel walls 


In order to evaluate the EWD performance of poly(imide silox- 
ane) hydrophobic insulator on the device level, we fabricated the 
EWD devices using the normal fabrication process. The detailed 
fabrication process is shown in Fig. 2. It consists 7 steps: (1) Plate 
cleaning: the ITO glass was cleaned by sonicating in 0.2% basic 
detergent for 5 min, thorough rinsing in high purity water for 
3 min, drying in the oven for 0.5h at the temperature of 110 °C; 
(2) Hydrophobic insulator coating: the poly(imide siloxane) 
12 wt.% in DMAC solution was spin-coated at 1420 rpm for 30s 
onto the pre-cleaned substrate, after 2h baking and annealing 
cycle, yielding a hydrophobic film with a thickness of 2.1 um; (3) 
Surface modification: a low power (5 W, 10 s) oxygen plasma irra- 
diation was carried out in the reactive ion etching (RIE) system to 
render the surface wettability; (4) Pixel wall patterning: litho- 
graphic process was used to create pixel walls, which includes: 
spin coating SU-8 3005 photoresist, soft baking, exposing using 
URE-2000-35 aligner, post-exposure baking, and developing, 
resulted 150 um x 150 um pixels with 15 um wide and 5.5 ym 
thick pixel walls; (5) Surface recovery (reflow) was performed to 
regain the poly(imide siloxane) hydrophobicity by a thermal 
anneal process at the temperature of 120 °C for 90 min; (6) Filling 
the dyed oil to the pixels was carried out by using a self-assembly 
method; (7) Coupling was then finished by aligning and sealing the 
plates with a cover (top) plate leading to a complete EWD device. 

EWD devices with 2.1 um thick poly(imide siloxane) hydropho- 
bic insulator and 150 um x 150 um SU-8 3005 pixels have been 
obtained. Each device had an active area of 3 in. with the resolution 
of 154 ppi. Each pixel contained the polar conducting (DI water) 
liquid and the non-polar (colored decane) liquid. The oil film thick- 
ness was similar to the height of pixel walls which was about 
5.5 pm. Electrical driving of the EWD device was controlled by 
an impedance analyzer. The fluidic motion in the devices was cap- 
tured by a high speed camera. In the OFF state, the colored oil occu- 
pied the entire pixel area, as shown in Fig. 6a. When sufficient 
voltage was applied, the electrowetting force displaced the colored 
oil into the corner of each pixel, resulting in a white pixel, as shown 
in Fig. 6b. Pixels clearly started to open at 25 V, which is required 
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Fig. 6. Microscopic photographs of the closing and opening status of pixels (top view). (a-c) shows the state of OFF, ON (40 V) and OFF, respectively. The poly(imide siloxane) 
and SU-8 3005 was use as hydrophobic insulator and pixel walls, respectively. The pixels are 150 um x 150 um with the pixel walls of 15 um thick and 5.5 um high. (d) The 


white area fraction as a function of the applied voltage. 


to initiate the movement of the colored oil film. The higher voltage 
we applied, the larger area of the reflective substrate electrode was 
exposed. The white area fraction (see Eq. (2)) increase from 0% to 
65% of the total area, when the bias was gradually increased to 
40 V, seen in Fig. 6b. The highest voltage we applied was 60 V, 
and 80% white area fraction could be obtained. After switching 
off the electrical field, the displaced oil returned and re-covered 
the entire device again (100% oil coverage, shown in Fig. 6c). The 
process can be repeated for many cycles, and no degradation phe- 
nomenon was observed. 

The device performance was evaluated through measuring the 
white area fraction (and resulting transmission) change with the 
applied voltage, the result is shown in Fig. 6d. The white area frac- 
tion was defined as: 
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Aoil and Apixe: are the area occupied by oil and the overall pixel 
area, respectively, and V represents the applied voltage. Dynamic 
images of the fluidic motion were also taken using the digital cam- 
era. With an applied voltage of 40 V, the opening process took 
35 ms, and the closing process (when switch off electrical field) 
was 60 ms. The closing process (driven by surface tension) is typ- 
ically slower than the opening process (driven by electrical field) 
in these devices because of the relatively large area of the pixels. 


3.3. EWD performance on devices fabricated by screen printing with 
poly(imide siloxane) as hydrophobic insulator and hydrophilic 
polyimide as pixel walls 


The screen-printing fabrication method using poly(imide silox- 
ane) as hydrophobic insulator and polyimide as hydrophilic grids 
(pixels) has been successfully demonstrated. This fabrication pro- 
cess is shown in Fig. 2 (red arrow process flow). There is no need 


for surface treatment, reflow and lithography, which simplified 
the conventional fabrication from 7 steps to 5 steps. 

To create the EWD device with new materials, it is crucially 
important to choose right polyimide materials as the hydrophobic 
insulator and the hydrophilic pixel walls. The two materials we 
chose (see Section 2.1) had good adhesion and did not dissolve in 
the oil or water solution. The hydrophilic polyimide has the 
advancing contact angle of 74° and receding contact angle of 50°. 
The balance of material’s properties (viscosity and surface tension) 
for creating pixel walls by screen-printing is a criteria for the fab- 
rication procedure. Higher viscosity liquid is easy to form erect 
pixel walls, but difficult for screen printing because of the blockage 
of the screen. When the concentration is too low, the pixel walls 
are tend to be wide and short because of the good leveling property 
of low viscosity solution. Different conditions have been tried, and 
the optimal concentration of 15 wt.%4 DMAC solution has been cho- 
sen based on the compatibility with the equipment (pressure and 
distance), and dimensions of the pixel walls. 

The hydrophilic polyimide pixel walls were built up directly on 
hydrophobic poly(imide siloxane) layer using screen-printing. A 
stainless steel screen with 400 mesh counts per inch, 24 um wire 
diameter, 45° woven and 53 um opening size was utilized to print 
the pixel walls. Before printing the squeegee, the screen and the 
pre-coated substrate should be adjusted to be horizontal, setting 
the proper pressure of the squeegee, the printing speed, and the 
distance between the screen and the substrate (1-2 mm). The 
printing solution (15 wt.% polyimide dissolved in DMAC) was 
applied to the screen covering the width of the screen. The squee- 
gee traveled over the screen, pushing the screen into contact with 
the substrate, thus depositing solution onto the substrate surface. 
The whole printing process should be done as quick as possible 
to avoid DMAC absorbing water or evaporating. The sample was 
transferred to the oven immediately to be baked at 80°C for 3h 
to remove the solvent. The pixel walls were then obtained via this 
direct screen printing process. In this case, surface modification, 
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Fig. 7. Microscopic photographs of the screen structure (a) and screen-printed pixels (b). The pixels are 540 um x 540 um, and the pixel walls are about 5.0 um high and 


60 um wide. 


PEE EWE Ba st oo. do DE ae 


ante 


ame 
Pith 


ay 


5.00484v1 


O wide. 


17 


T~ lithograph and reflow processes were all be omitted. The whole 
© fabrication process only includes 5 steps: cleaning, hydrophobic 
` insulator coating, hydrophilic grid printing, filling and coupling. 
It provides a simpler and faster fabricate procedure for EWD 
s= devices. 
Fig. 7 shows the images of the screen used and the printed 
pixels. The opening and emulsion covered area ratio was 60 um/ 
540 um. The thickness of photosensitive emulsion was 78 um, 
s= the defining pixel size was 540 um x 540 um, the total screen 
© printed area was 6.06cm~x6.06cm for the methodology 
(S) evaluation, resulting in the resolution of 42 ppi. The height of the 
pixel wall was controlled by the emulsion thickness, the squeegee 
pressure, the distance between the substrate and the screen, the 
concentration of the hydrophilic polyimide, or the double 
stroke. We have also screen-printing fabricated larger devices with 
the pixel size of 70 um/530 um, 80 um/720 um, and 100 um/ 
700 um. 

As indicated in Fig. 8, the screen printing fabricated device was 
successfully switched ON and OFF. Interestingly, this device has 
lower driving voltage. The pixel started to open at 10 V, the oil 
coverage decrease to 20% as the voltage increased to 20 V. This 
might be due to the wetting properties of hydrophobic insulator 
and relatively hydrophilic grids, and the thinner oil film confined 
in the larger pixels. Low driving voltage is favorable for EWD 
application, which lower the energy consumption. The main dis- 
advantage of this method is still the resolution of the printed 
devices, which would affect the switching speed in the end. For 
the device shown in Fig. 8c, 2 s was needed for the oil to re-cover 
the pixel area after the removal of the voltage. According to the 
balance between driving voltage and reversibility, suitable dimen- 
sions should be designed and tested. When optimal conditions 
were obtained, the printing process would bring us to a new stage 
for larger scale, simpler, cheaper and potentially flexible display 
fabrication. 
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= Fig. 8. Microscopic photographs of the screen-printed EWD pixels. (a-c) represents the state of OFF, ON (17 V) and OFF, respectively. The poly(imide siloxane) and 
hydrophilic polyimide was used as hydrophobic insulator and pixel walls, respectively. The pixels are 540 um x 540 um with the pixel walls of about 5.0 um high and 60 ym 


4. Conclusion 


In summary, we proposed and successfully verified a simple 
approach to fabricate EWD devices via screen-printing technology 
by using polyimide-based materials. According to the compatibil- 
ity of materials for device fabrication, poly(imide siloxane) was 
chosen as the hydrophobic insulator layer and hydrophilic polyim- 
ide was chosen as the hydrophilic pixel wall material. The hydro- 
phobic insulator material was evaluated by droplet 
electrowetting and normal EWD fabrication procedure, which 
showed good performance of both droplet electrowetting and in 
EWD devices (reversibility and quick response). Direct printing 
polyimide hydrophilic pixel walls on the poly(imide siloxane) 
hydrophobic insulator has been demonstrated successfully, and 
the completed devices demonstrated reversible EWD performance 
and low driving voltage. 

We have demonstrated the printable EWD fabrication process 
using new materials. Printing technologies are highly required 
for quick, cheap and large area electronic devices. Screen printing 
is a simple, fast, reproducible and cheap wet processing technique 
under ambient environment. The requirements for its use are very 
modest and it can in essence be carried out anywhere with little 
prerequisites. It is very attractive to pursue the idea of printing 
all the layers of the EWD device using printing processes. 
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